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Abstract 
The effect of TiO2 filler on the structure and electrical properties of hexanoyl chitosan/polystyrene-
LiCF3SO3 electrolytes has been investigated by X-ray diffraction and impedance spectroscopy. The XRD 
results reveal that sample with lower crystalline fraction exhibits higher conductivity. The conductivity 
for filler-free polymer electrolyte is 7.21 x 10-5 S cm-1. The addition of 4 wt.% TiO2 increased the 
conductivity by one order of magnitude to 2.27 x 10-4 S cm-1. The ac conductivity of both filler-free and 
filler-added electrolytes follows the Jonscher’s universal power law. The conduction mechanism of the 
filler-free and filler-added hexanoyl chitosan/polystyrene-LiCF3SO3 can be interpreted based on the 
overlapping large polaron tunneling (OLPT) and correlation barrier hopping (CBH) model, respectively.   
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1. Introduction 
Polymer electrolytes have become the key object of academic and industrial interests. These materials 
have vast potential application in solid state electrochemical devices. Ionic conduction is an important 
characteristic in determining the practical application of these materials. Various approaches to enhance 
the ionic conductivity in the polymer matrix are suggested in the literature. It was found that the addition 
of fillers into a polymer matrix not only increased the mechanical property of the electrolyte, it also 
enhanced the ionic conductivity of the electrolyte.  
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This paper reports the effect of filler on the structural and electrical properties of hexanoyl 
chitosan/polystyrene-based electrolyte system. The conduction mechanism of the prepared electrolyte 
systems are analyzed by comparing the behavior of temperature dependence exponent s with existing 
theoretical models.  
 
2. Experimental 
Hexanoyl chitosan exhibited solubility in tetrahydrofuran, THF (purity 99% from J.T. Baker) were 
prepared by acyl modification technique. Details of hexanoyl chitosan preparation were described in [1]. 
Prior to use, lithium trifluoromethanesulfonate, LiCF3SO3 (purity 98% from Acros) was dried for 24 h at 
100°C in vacuum oven. Films of hexanoyl chitosan/polystyrene (from Aldrich)- blend were prepared by 
the technique of solution casting. The two polymers were first dissolved separately in an appropriate 
amount of THF. Then, the required amounts of LiCF3SO3 and TiO2 (particle size 30 – 40 nm, purity 99% 
from Nanostructured & Amorphous Material Inc.) were added. The resulting mixture was then stirred at 
room temperature until complete dissolution. The solution obtained were cast in glass petri dishes and 
allowed to evaporate slowly at room temperature to form films. The films were kept in a desiccator for 
continuous drying. XRD was carried out using a X-Pert PRO XRD which employs Cu-KĮ X-radiation of 
wavelength Ȝ=1.5418 Å between a 2ș angle of 5° to 80°. The impedance measurement of the films was 
carried out using HIOKI 3532-50 LCR Hi Tester in the frequency range of 100 Hz to 1 MHz. The 
prepared electrolyte film was sandwiched between two stainless steel electrodes with diameter 2.5 cm 
under spring pressure. The ionic conductivity, ı of the sample was calculated using the equation 
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where t is the sample thickness, A is the effective contact area, and Rb is the bulk resistance which can be 
obtained from the complex impedance plot. 
 
3. Results and discussion 
3.1. Structural studies 
Fig. 1(i) presents the XRD patterns of hexanoyl chitosan/polystyrene-LiCF3SO3 with various TiO2 
compositions. A sharp diffraction peak at 2ș § 6.86° indicates that hexanoyl chitosan has a layered 
structure, where the main chains with polysaccharide ring form the polymer layers separated by the 
hydrocarbon side chains [1]. Peaks due to TiO2 at 25.3°, 27.4°, 36.6° and 38.2° are observed in Fig. 1(i) 
(b)-(f). The intensity of TiO2 peaks increases with increasing TiO2 content. The relative intensity of the 
sharp diffraction peak at 6.86° was also found to be TiO2 concentration dependent. This may suggest that 
the crystallinity of hexanoyl chitosan/polystyrene-LiCF3SO3-TiO2 system has changed.  
Depicted in Fig. 1(ii) is the variation of the crystalline fraction of the sample as a function of TiO2 
concentration. The degree of crystallinity was estimated from the ratio of the integrated intensity of sharp 
diffraction peak at 6.86° to the total integrated area of the spectrum according to                                                 
T
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where Xc is the degree of crystallinity, Ic and IT are the sharp diffraction peak and total integrated 
intensities, respectively. 
It is apparent from Fig. 1(ii) that the addition of TiO2 decreases the crystalline fraction of the polymer 
system. It is well known that the conductivity increases as the degree of crystallinity decreases. This is 
because rapid segmental motions of polymeric chain in amorphous region increase the mobility of the 
charge carriers leading to the higher ionic conduction [2,3]. However, further addition of TiO2 beyond the 
optimize concentration increases the crystalline fraction of the polymer system. The changes in the 
crystallinity of the present electrolyte system may help to understand the variation in conductivity of the 
present electrolyte system. 
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Fig. 1(i): XRD spectra of (a) hexanoyl chitosan/polystyrene-LiCF3SO3; hexanoyl chitosan/polystyrene-LiCF3SO3- x 
wt.% TiO2 (b) x=2 wt.% (c) x=4 wt.% (d) x=6 wt.% (e) x=8 wt.% and (f) x=10 wt.% ; (ii) Variation in crystalline 
fraction for composite electrolyte system as a function of TiO2 concentration 
 
3.2. Electrical  studies 
The variation of room temperature conductivity with various TiO2 concentrations for hexanoyl 
chitosan/polystyrene-blend based polymer electrolytes is shown in Fig. 2. The maximum conductivity of 
2.27 x 10-4 S cm-1 is achieved with addition of 4 wt.% TiO2 which is about 1 order of magnitude higher 
than the filler-free electrolyte (ı = 7.21 x 10-5 S cm-1). The conductivity enhancement with addition of 
TiO2 could be attributed to the decrease in crystalline fraction of electrolytes as evidenced in the XRD 
studies in Fig. 1(ii). From the impedance spectroscopy studies, the variation in conductivity as a function 
of TiO2 concentration could be understood on the basis of free ions concentration. In our previous study 
[4], we deduced that the increase in dielectric constant reflects the increase in the number of free ions. 
Sample with 4 wt.% TiO2 which has the highest value of dielectric constant (as shown in Fig. 3) has the 
most number of free ions and so has the highest conductivity. The decrease in conductivity with addition 
of TiO2 beyond 4 wt.% could be attributed to ion association, which reduced the number of free ions for 
conduction. This is manifested by Fig. 3. 
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Fig. 2: Ionic conductivity of hexanoyl chitosan/polystyrene-blend based polymer electrolytes as a function of TiO2 
concentration at room temperature 
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Fig. 3: Frequency dependence of dielectric constant, İr for hexanoyl chitosan/polystyrene-LiCF3SO3-TiO2 system at 
room temperature 
 
The ac conductivity was calculated from the dielectric constant, İr and loss tangent, tan į according to 
the equation below: 
 
ıac = İo İr Ȧ tan į                (3) 
 
where Ȧ is the angular frequency and İo is the permeability of free space. The ac conductivities of filler-
free and filler-added hexanoyl chitosan/polystyrene-LiCF3SO3 electrolyte systems are found to obey the 
Jonsher’s universal power law [5].  
 
ı (Ȧ) = ıdc + AȦs                (4) 
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where the dc conductivity, ıdc is the frequency-independent component, A is a parameter dependent on 
temperature and s is the power law exponent with value in the range 0 < s < 1.  
The values of exponent s were derived from the slope of plot of log (ı(Ȧ) – ıdc) versus log Ȧ as shown 
in Fig. 4. The obtained values of s for samples with and without TiO2 are presented in Fig. 5. For the 
hexanoyl chitosan/polystyrene-LiCF3SO3 system, it is found that the exponent s decreases with increasing 
temperature, reaches a minimum value at 313 K and thereafter increases slightly with further increase in 
temperature. Thus, the temperature dependence of s could be interpreted by the overlapping large 
polaron-tunnelling (OLPT) model. On the other hand, for the TiO2-added hexanoyl chitosan/polystyrene-
LiCF3SO3 electrolyte system, it is observed that the power law exponent s decreases with increasing 
temperature. Such behavior is predicted by the correlated barrier hopping (CBH) model which means that 
the ions hop between the complexation sites over the potential barrier separating them [6]. A more in-
depth application of the OLPT and CBH model in interpreting the conduction mechanism for the filler-
free and filler-added hexanoyl chitosan/polystyrene-LiCF3SO3 electrolyte will be the subject of future 
work. 
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Fig. 4: Plot of log (ı(Ȧ) – ıdc) versus log Ȧ for (a) TiO2-free and (b) TiO2-added hexanoyl chitosan/polystyrene-
LiCF3SO3 electrolyte systems 
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Fig. 5: Variation of exponent s with temperature for (a) TiO2-free and (b) TiO2-added hexanoyl chitosan/polystyrene-
LiCF3SO3-TiO2 electrolyte systems 
 
4. Conclusion 
XRD results revealed the variation in conductivity in terms of crystalline fraction. Sample with lower 
crystalline fraction exhibits higher conductivity. The variation in conductivity with varying TiO2 content 
could also be understood on the basis of free ions concentration as reflected in the variation in dielectric 
constant. The ac conductivity for both electrolyte systems follows the Jonscher’s universal power law. The 
conduction mechanism of the filler-free and filler- added hexanoyl chitosan/polystyrene-LiCF3SO3 can be 
interpreted based on the OLPT and CBH model, respectively. 
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